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Absolute and normalised differential cross-sections of single top quarks
produced in the t-channel are presented. 20.2 fb−1 of proton-proton col-
lision data at a centre-of-mass energy of 8 TeV collected by the ATLAS
experiment at the LHC are used. Differential cross-sections as a function
of the transverse momentum and the absolute value of the rapidity of the
top quarks and the top antiquarks are measured at both parton level and
particle level. The transverse momentum and rapidity differential cross-
sections of the scattered light-quark jets are extracted at particle level.
The measured cross-sections are compared to various Monte Carlo pre-
dictions as well as to available fixed-order QCD calculations. All results
agree with the Standard Model predictions.
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1 Introduction
At the LHC, top quarks can be produced singly via electroweak interactions. In
leading-order perturbative QCD theory, there are three different single top-quark
production mechanisms. They are distinguished according to the virtuality of the
exchanged W boson. The dominant process is the t-channel production where a
light quark interacts with a bottom quark by exchanging a space-like W boson. The
other two processes are the s-channel in which a time-like W boson is exchanged and
the Wt-channel where a top quark is produced in association with a W boson. At
next-to-leading order (NLO) in perturbative QCD, the total cross-sections of top-
quark and top-antiquark production in the t-channel at
√
s = 8 TeV, calculated with
HatHor v2.1 [1], are predicted to be:
σ(tq) = 54.9+2.3−1.9 pb,
σ(tq) = 29.7+1.7−1.5 pb,
σ(tq + tq) = 84.6+3.9−3.4 pb.
2 Measurement
In this analysis [2], pp collisions at
√
s = 8 TeV, corresponding to an integrated
luminosity of 20.2 fb−1, recorded with the ATLAS detector [3] at the LHC are used.
The signal event signature contains exactly one charged lepton (either e or µ), exactly
two jets, one of the two jets being a b-tagged jet, and missing transverse momentum.
One special characteristic of the t-channel topology is that the light-quark jet tends to
be scattered in the forward direction. t-channel events are simulated using Powheg-
Box [4] generator with the Pythia6 [5] for modelling of the parton shower, the
hadronisation and the underlying event.
The parton-level measurements are based on the top quarks, t, over the full kine-
matic range. These top quarks are defined as the top quarks before their decay but
after gluon radiation. This makes comparisons to theoretical predictions straight-
forward. For the particle-level measurements, the top quarks are reconstructed from
stable particles in a fiducial phase space defined close to the experimental phase space.
The stable particles are defined as having a mean lifetime greater than 0.3× 10−10 s.
These top quarks are called pseudo-top-quarks [6], tˆ. Similarly, a scattered light-
quark jet at particle level is written as jˆ. Both absolute and normalised differential
cross-sections are measured in bins of pT(t) and |y(t)| at parton level as well as of
pT(tˆ), |y(tˆ)|, pT(jˆ) and |y(jˆ)| at particle level.
A neural network (NN) is utilised to discriminate signal from background events.
Good separation is achieved by using seven input variables where |η(j)| is sorted as
the second most powerful variable. This NN is used for all measurements except for
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the measurement as a function of |y(jˆ)| where a second NN is trained without |η(j)|
to avoid a distortion of the |y(j)| distribution due to a cut on the NN output. All
differential cross-sections are extracted in a signal enriched region where a cut on the
NN output is applied. In this region, the signal-over-background ratio of about 2 is
achieved.
As the measured distributions are distorted by detector effects and selection effi-
ciency, they are unfolded using D’Agostini’s iterative approach [7], implemented inside
RooUnfold framework [8], in order to recover their true distribution. This leads to
direct comparisons between the unfolded distributions and theoretical predictions.
Several tests are performed to ensure that the chosen unfolding method is reliable
and can be used for the analysis.
3 Results
A selection of the results for the absolute and normalised unfolded differential cross-
sections for tq and tq production is shown in Figure 1.
The parton-level cross-sections are compared to different MC predictions using the
Powheg-Box and Madgraph5 aMC@NLO [9] generators. Comparisons to differ-
ent parton-shower and hadronisation models are shown: Pythia6 or Herwig [10]
interfaced to Powheg-Box. It can be observed that the parton-shower and hadro-
nisation modelling has a very small effect on the predictions. The measured cross-
sections are also confronted with NLO QCD predictions calculated using MCFM [11].
A calculation at approximate NLO+NNLL QCD is available for the top-quark and
top-antiquark pT distributions [12]. Good agreement is seen between the data and all
predictions, with the same tendency for almost all MC predictions to be somewhat
harder than the data as a function of pT(t). The data is described better by the
approximate NLO+NNLL prediction than the MC predictions as a function of pT(t).
The particle-level cross-sections are compared to the same MC predictions used
for the comparison of the parton-level cross-sections. All measured differential cross-
sections agree well with the MC predictions. More bins can be used at particle level,
due to better resolution of the pseudo-top-quarks.
The measurements are at 5 − 20% precision per bin. The major sources of un-
certainty are the uncertainties associated with the modelling of the signal and the
top-background processes as well as the uncertainties in the jet energy scale calibra-
tion. The uncertainties due to the unfolding procedure are small compared to the
total uncertainty. In general, the total systematic uncertainty for the normalised
differential cross-sections is smaller than the uncertainty for the absolute differential
cross-sections because many systematic uncertainties are reduced or cancelled for the
normalised cross-section measurements.
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Figure 1: (a) absolute and (b) normalised differential cross-sections for tq production
at parton level as a function of pT(t). Particle-level normalised differential cross-
sections (c) for tq production as a function of pT(tˆ) as well as (d) for tq production as
a function of |y(jˆ)|. The distributions are compared to various MC predictions (and
available fixed-order QCD calculations). The vertical error bars on the data points
represent the total uncertainty. In the bottom part of each figure, the inner (outer)
error band represents the statistical (total) uncertainty. [2]
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4 Conclusion
Measurements of absolute and normalised differential cross-sections for tq and tq pro-
duction with the ATLAS detector using 20.2 fb−1 of pp collision data at
√
s = 8 TeV
are presented. Selected events are characterised by one electron or muon, missing
transverse momentum, and two jets. One of the jets must be a b-tagged jet. Differen-
tial cross-sections as a function of the transverse momentum and the absolute value
of the rapidity of the top (anti)quarks are extracted over the full kinematic range
at parton-level. Differential cross-sections as a function of the transverse momentum
and the absolute value of the rapidity of the top (anti)quarks and the scattered light-
quark jets are measured within a fiducial phase space at particle level for the first
time. The most precise measurements are the normalised differential cross-sections
at particle level. All measured differential cross-sections confirm the Standard Model
predictions. No indication of new physics is observed in the presented results.
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